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clearance on rotor face 
approl(imate order of Fourier series pressure 
oil supply pressure ( .. P1) radius 
time 
velocity 
ordinate of clearance height 
angular position on rotor face from al(ial seal coefficient of viscosity of oil 
coefficient of kinematic viscosity of oil density of oil 
rotational angle of rotor 
angular velocity of rotor 
Subscripts 
b boundary between gas and oil regions r radial direction 
8 tangential direction 
1 inner circumference of rotor 2 outer circumference of rotor 
Superscript 
averaged value in height direction 
INTRODUCTION 
In recent years, a vane compressor is used for an automotive air conditioners by taking advantages of its small size and its light weight. Leakage which flows through a clearance between a rotor face and a sideplate greatly affects performance of the compressor /{I)/. There have been some studies which analyzed distributions of pres-sure and velocity on the rotor face based on the Navier-Srokes equation by applying the perturbation technique /(2)/, the finite Element Method /(3)/ or the finite Dif-ference Method /( 4)/. But in these studies, the flow field was analyzed under some special boundary pressure condition on the rotor circumference, and discussion about a pracucal leakage flow occurring under the pen odic changing boundary pressure condition 
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on the rotor circumference was insufficient. 
In this study, we analyze an instantaneous l
eakage flow at each moment through 
the clearance on the rotor face based on 
the Navier~Stokes equation by applying the 
fourier series analysis /(2)/, and examine a
n appropriate manner of a decision of the 
boundary pressure condition on the rotor cir




figure I shows a schematic view of the van
e compressor and a modeling of the 
flow field between the rotor face and the 
sJdeplate. Lubricating oil is supplied from 
an oil groove on the sideplate to the roto
r face, The flow field of leakage flow 
through the clearance on the rotor face is 
modeled as that between a stationary disc 
and a rotating disc on which circumference 
the pressure changes periodically with the 
rotor rotation. The leakage flow in this f
low field is governed by the Navier-Stokes 
equations and an equation of continuity, an
d these equations are expressed as follows 
since the clearance is very small by compan
son With the flow field. 




In the above Navier-Stokes equations, an 
inertial term, a centrifugal term and a 
coriolis term are assumed to be negligible 
since the clearance on the rotor face is 
very small. By integrating equations {I) an
d (2) respectively and substituting boundary 
conditions on both the stationary and the r
otational discs into those equations, radial 
and tangential velocities are derived as follo
ws. 
vr ~ <z' - hzl (<lP/or) 1 <2ul 
ve.: (z 2 -hz) (<lP/o8l/(2Ur) +zrw/h 
{4) 
{5) 
Substituting equations {4) and (5) into equati
on (3), we obtain the Lapiace equation for 
pressure. 
(6) 
The Laplace equation for what is called the
 Dirichlet problem is solved by applying the
 
fourier series /(2)/. The pressure on an inn
er circumference is assumed to be constant 
("'Pb) and that on an outer circumference of
 the rotor is expressed as follows. 
{7) 
Where, coefficients in equation (7) are deri
ved by discrete fourier approximation using 
sampled data of the pressure on the rotor
 circumference. -By using these boundaPy 
pressure distributions, the pressure distributio
n on the rotor face is derived as follows. 
n (r/r 1 lk-(r,/r)l< 
p .,.._, +boloqr +k~l (Akcosk6 .,.Bksink9) (ro/rJl




In this study, we will express the velocity 
distribution with an averaged one in 
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height direction. The radial and tangential average velocities are derived as follows by integrating equations (4) and (5) respectively. 
-Vi'"' - (oP/orl h 2 / (12U) 
Vij ; - (oP/o9) h'/ (12ur) + rw/2 
(9) 
(10) 
In the above equations, pressure gradients are given by differentiating equation (8). In the Founer analysis, in general, it is not appropriate to use the gradient obtained by differentiating a function expressed by the Fourier series, and we will discuss this problem at the later section. 
Gas flow Region 
In the neighborhood of an axial seal, refrigerant gas as a working fluid flows through the clearance on the rotor face from a high pressure compression chamber into a suction chamber, and the leakage greatly affects the performance of the compressor. In a practical use, the gas flow region on the rotor face near the axial seal can be solved sufficiently under a flow field with a single phase of oil by approximation with a group of streamlines which have the velocity of inner direction on the rotor circum-ference /(5)/. In the present study, we analyze the average gas flow region using the _ average velocity distribution. A boundary line between the gas and the oil regions is obtained by solving the following equations applying the Runge-Kutta method with an initial position where the gas begins to enter the clearance on the rotor face. 
} 
(II) 
Boundary Pressure Condition 
- Since the rotor circumference faces the compression chambers, the pressure on the rotor circumference changes periodically with the rotor rotation. Table I shows specifications of the compressor studied here and analytical conditions, and figure 2 shows volume and pressure changes of the compress1on chamber leading a vane located at rotational angle of .p • 
Taking into account of periodic pressure cl).anfe with the rotor rotation, we analyzed the leakage flow through the clearance on\ the rotor face under the following three different boundary pressure conditions on the rotor circumference. The first boundary condition is an instantaneous pressure distribution corresponding to the rotor rotation (denoted as Boundary condition I). The pressure distribution on the rotor cir-cumference changes periodically every 271/3 rad, since the compressor studied here has three vanes. Figure 3 shows the instantaneous pressure distribution on the rotor cir-cumference corresponding to the rotational angle of 0, 71/6, 71/3 and 71/2 rad. In this figure, the pressure distribution at positions of the vane and the axial seal is assumed to be linear. 
The second one is an average pressure distribution that the pressure at each an-gular position on the rotor circumference is equal to the time average of the pressure in the compression chamber which is facing that position. It is shown in Figure 4 with a solid line (Boundary condition 2). 
The last one is a linear pressure distribution from the suction side to the dis-charge side which is employed in the past studies /(2)-(4)/, and shown in Figure 4 with a broken line (Boundary condition 3). The analytical results corresponding to the each boundary conditions are compared with one another. 
RESULTS AND DISCU$10N 




At first, we discuss accuracy of the pressure gradient obtained by differentiating function expressed by the Fourier series. As an example, we calculate the tangen-pressure gradient on the rotor circumference by differentiating equation (7) when rotational angle of the rotor is rr/2 rad, and compare it with an analytical pres-
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sure gradient. figure 5 show
s the analytical pressure gradi
ent and the pressure 
gradients which are obtatned by 
differentiating equation (7) whose
 number of sampling 
points is 360 and approximate o
rder is 180 and 120 respectively
. As shown in these 
figures, the pressure gradients ob
tained by differentiating equation
 (7) fluctuate at the 
position where the pressure gradi
ent changes abruptly. The fluct
uation of the pressure 
gradient depends on the number 
of sampling points and the appr
oximate order of the 
fourier series, and they must b
e selected carefully. But an 
error of the velocity 
caused by the error of the press
ure gradient is much smaller tha
n the second term on 
the right hand of equation {10
), and this error disappears w
hen we integrate the 
velocity to estimate the leakage 
flow rate. The velocity distribut
ion, therefore, can be 
solved sufficiently by differentiat
ing the fourier series in a prac
tical use. Once the 
pressure and velocity distributions
 are expre~sed by ·the fourier se
ries, It is useful that 
the center of pressure, flow rate
 and shearing force of oil for a
n arbitrary rotational 
angle of the rotor can be expre
ssed by the fourier series. In 
the following analysis, 
we employ the Fourier series w
hose number of sampling points
 is 360 and the ap-
proximate order is 120. 
Instantaneous flow fields 
figure 6(a)-(d) show the instanta
neous pressure and velocity dist
ributions on the. 
rotor face under the boundary p
ressure condition I (rotational an
gle lj> ~ 0, rr /6, rr /3 
and rr /2 rad). In these figures, 
mark 'V' indicates the pos1tion o
f the axial seal ( 9 ~ 
0 rad), and marl< ']' indicates the
 position of the vane at each m
oment. As shown in 
these figures, lubricating oil flow
s from the inside to the outside
 of the rotor for the 
most part, and high pressure ref
rigerant gas passes through the 
clearance on the rotor 
face into the suction side in the 
neighborhood of the axial seal. 
The pressure and velocitY distrib
utions shown in figure 6 are st
eady flow fields 
under each boundary conditions s
hown in figure 3, and these ca
n be regarded as the 
instantaneous flow field only whe
n the inertial force is as small 
as negligible. Figure 
7 shows magnitude of the inerti
al force in radial direction aga
inst the viscous force 
about fluid element existing at 
middle height of the clearance 
on the rotor circum-
ference when the rotational ang
le of the rotor is 11 /2 rad. 
figure 7(a) IS radial 
velocity at the middle height of 
the clearance on the rotor circu
mference, (b) is mag-
nitude of unsteady term of inert
ial force which is the first term
 on the left hand of 
equation (1), and (c) is magnitu
de of convective term of inerti
al force which is the 
second and the third terms on th
e left hand of equation (I). Th
ese figures show that 
the radial velocity and the inerti
al force have sharp peaks at the
 positions of the vane 
( e = 711/6, II 11/6 rad) and the axial seal ( e =
 0 rad). However, even when the rota· 
tional speed and the clearance in
crease, portions where the inertia
l force is big are lo-
cal and have little influence on w
hole flow field and whole flow 
rate. The flow field 
on the rotor face at each mome
nt, therefore, can be evaluated u
nder the quasi·steady 
condition with the instantaneous 
pressure distribution on the rotor
 circumference. 
Average flow fields 
figure 8 and 9 show the average
 pressure and velocity distributio
ns corresponding 
to the second and the third bou
ndary conditiOns respectively. In
 the case of boundary 
condition 2, the lubricating oil 
flows from the inside to the ou
tside of the rotor at 
most of the rotor face. On th
e other hand, the oil which flow
s from the outside to 
the inside of the rotor increase
s under boundary condition 3 si
nce the high pressure 
region on the rotor circumferen
ce is larger than that of the 
boundary condition 2. 
The flow rate of the leakage oil 
which flows out from the clearan
ce on the rotor f~ce 
estimated by integrating the rad
ial velocity gn the rotor circum
ference is 3.40 em /s 
under the boundary condition 2 
and 1.16 em /s under the bound
ary condition 3. The 
average leakage flow rate estima
ted as the average of the insta
ntaneous flow rate at 
each moment Is equal to that un
der boundary condition 2. 
figure 10 shows the gas flow re
gions on the rotor face estimate
d by using the 
average velocity distributions und
er the boundary conditions 2 and
 3 respectively. The 
gas flow regions which have gre
at influence on the performance 
of the compressor are 
quite different from each other. 
Thus when we analyze the avera
ge flow field on the 
rotor face, it is appropriate to 
use the boundary condition that 
the pressure at each 
angular position on the rotor cir
cumference is equal to the time
 average of the pres· 
sure in the compression chamber 
which is facing that position. 
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CONCLUSIONS 
Based on the Navier-Stokes equanon, we analyzed the instantaneous and time averaged leakage fields on the rotor face clearance by applying the fourier serie$ analysis under the more realistic boundary pressure conditions which changes periodically with the rotor rotation. The results are summarized as follows. 
(I) In the practical use, once the number of sampling points and the approximate order of the fourier series are selected adequately, the velocity distribution can be solved sufficiently by applying the differentiation of the fourier series. 
(2) The flow field on the rotor face at each moment can be evaluated under the quasi-steady condition with the instantaneous boundary pressure distribution on the rotor circumference because of less influence of the inertial force than that of the viscous force. · 
(3) The average flow field on the rotor face must be analyzed under the bound-ary condition that the pressure at each angular position on the rotor circumference is equal to the time average of the pressure in the compression chamber which is facing that position. 
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Lubricating 
figure I Schematic view of vane compressor and analytical model 
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Table Specifications of compressor and analytical condition 
Number of vane 3 
Cylinder radius r c 3 6. 3 mm 
Rotor radius r 2 z 6. 6 mm 
Oil groove radius r, zo. 0 11m 
Gap height h 3 0. 0 j.!ID 
Suction pressure p, 0. 309 MPa 
D i sehar ge pressure p. 1. 52 MPa 
Oil supply pressure ? •. 1. 0 6 MPa 
Oil viscosity ).! 0.005 Pa·s 
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figure 4 Boundary pressure condition 2 and 3 
on rotor circumference 
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n n ~ Analytical -5 I 
~ Samp I ing point 360 





Sa11pling point 360 
rourier order 120 
2V3 B rad 4X/3 
Figure 5 Pressure gradients obtained by differentiating 
· Fourier series ( q, ~ rr /2 rad) 
Figure 7 Magnitude of inertial force against 
viscous force ( ljl "' Tr 12 rad, z = h/2) 
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Figure 6 Instantaneous distributions of p
ressure 
and velocity under boundary condition 
1164 
Figure 8 Average distributions of pressure and velocity 
under boundary condition 2 
Figure 9 Average distributions of pressure and velocity 
under boundary condition 3 
Figure I 0 Gas flow region 
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